Aims. We use multi-band observations by the Herschel Space Observatory to study the dust emission properties of the nearby spiral galaxy NGC 300. We compile a first catalogue of the population of giant dust clouds (GDCs) in NGC 300, including temperature and mass estimates, and give an estimate of the total dust mass of the galaxy. Methods. We carried out source detection with the multiwavelength source extraction algorithm getsources. We calculated physical properties, including mass and temperature, of the GDCs from five-band Herschel PACS and SPIRE observations from 100-500 µm; the final size and mass estimates are based on the observations at 250 µm that have an effective spatial resolution of ∼170 pc. We correlated our final catalogue of GDCs to pre-existing catalogues of HII regions to infer the number of GDCs associated with highmass star formation and determined the Hα emission of the GDCs. Results. Our final catalogue of GDCs includes 146 sources, 90 of which are associated with known HII regions. We find that the dust masses of the GDCs are completely dominated by the cold dust component and range from ∼ 1.1·10 3 to 1.4·10 4 M . The GDCs have effective temperatures of ∼ 13 − 23 K and show a distinct cold dust effective temperature gradient from the centre towards the outer parts of the stellar disk. We find that the population of GDCs in our catalogue constitutes ∼ 16% of the total dust mass of NGC 300, which we estimate to be about 5.4·10 6 M . At least about 87% of our GDCs have a high enough average dust mass surface density to provide sufficient shielding to harbour molecular clouds. We compare our results to previous pointed molecular gas observations in NGC 300 and results from other nearby galaxies and also conclude that it is very likely that most of our GDCs are associated with complexes of giant molecular clouds.
Introduction
Interstellar dust plays a pivotal role in the formation of molecular clouds and accordingly also in the formation of stars (e.g. Li & Greenberg 2002 , Bergin & Tafalla 2007 , Dobbs et al. 2014 . Molecules predominantly form on the surfaces of dust grains, especially molecular hydrogen (H 2 ), the principal component of molecular clouds (e.g. Gould & Salpeter 1963 , Shull & Beckwith 1982 , Cazaux & Tielens 2002 . The dust grains further act as an additional shielding component against the energetic interstellar radiation field that would otherwise rapidly destroy the newly formed molecules. Furthermore, since a significant fraction of ultraviolet and optical photons emitted by stars are reradiated by dust in the infrared, dust is an often-used tracer of star formation in galaxies (e.g. Kennicutt & Evans 2012) .
Dust is morphologically complex on galactic scales, but we can approximate its distribution into two main components: a smooth, more diffuse component of dust that is associated with the young and old stellar populations in the galactic disk and fills much of the volume of the galaxy; and a clumpy, more compact dust component that is likely associated with star-forming regions, such as giant molecular clouds (GMCs) or HII reHerschel is an ESA space observatory with science instruments provided by European-led Principal Investigator consortia and with important participation from NASA.
gions. Studies that are predominantly interested in identifying the dust component that is associated with complexes of molecular clouds thus often use source detection algorithms that automatically filter out the diffuse dust component while focussing on identifying the more clumpy dust structures. This approach has proved fruitful in characterizing the properties of the interstellar medium (ISM) in star-forming regions within nearby galaxies (e.g. Foyle et al. 2013 , Natale et al. 2014 , Kirk et al. 2015 .
High-resolution studies of tracers of both star formation and the cold, clumpy component of the ISM are required to obtain additional insight into the process of star formation within galaxies. Performing such studies, however, requires observations across a range of regions within galaxies so that the role of environment on star formation can be assessed. Our location inside the Milky Way makes it very difficult to assemble such a sample within the Galaxy because of line of sight confusion and large inaccuracies in GMC properties due to systematic distance uncertainties. One obvious way to circumvent this problem is to observe other nearby galaxies, in which these limitations are minimized, while also providing crucial information about the galactic context of star formation. Given the difficulty of surveying an entire galaxy in molecular lines to find GMCs, more easily available dust emission observations can be used as a proxy for GMCs. Notes. Data from the HyperLeda database (Makarov et al. 2014 ) except where noted otherwise.
(a) Tully et al. (2013) (b) length of the projected semi-major axis of the galaxy at the isophotal level 25 mag/arcsec 2 (c) Westmeier et al. (2011) (d) Data from the S 4 G catalogue (Sheth et al. 2010; Muñoz-Mateos et al. 2013; Querejeta et al. 2015) In the past few years the Herschel Space Observatory has enabled high-resolution studies of the far-infrared (FIR) dust emission in nearby galaxies including M33 (Natale et al. 2014 ) and M31 (Kirk et al. 2015) . These dust emission observations, in addition to previous molecular gas observations, allowed a consistent and comprehensive study of the clumpy ISM within these galaxies and showed that the properties of GMCs and GMC complexes in the most nearby galaxies are consistent with those of clouds found in the Milky Way (e.g. Kirk et al. 2015) .
Beyond the Local Group, the spiral galaxy NGC 300 is particularly well-suited for studies connecting Galactic and extragalactic star formation. It is located in the Sculptor Group in close proximity to the Milky Way (about 1.98 Mpc; Tully et al. 2013 ) and has a relatively low inclination angle (48.5
• ; see also Table 1 for a list of more galaxy parameters).
NGC 300 shows many signs of recent (high-mass) starforming activity, as is evident from its large number of HII regions (e.g. Deharveng et al. 1988) , supernova remnants (SNRs; e.g. Blair & Long 1997; Payne et al. 2004) , and OB associations (Pietrzyński et al. 2001) . The star formation rate (SFR) in the disk of NGC 300 was estimated by Helou et al. (2004) to be ∼ 0.11 M yr −1 . NGC 300 shows a metallicity gradient, whose values range from ∼ 0.3 Z in the outskirts to ∼ 0.8 Z in the centre (Kudritzki et al. 2008 , Bresolin et al. 2009 , Gogarten et al. 2010 .
More recently, Faesi et al. (2014, hereafter F14 ) undertook a study of molecular gas and star formation towards a sample of 76 HII regions of NGC 300 at 250 pc scales with the Atacama Pathfinder Experiment (APEX). These authors concluded that the scaling relation between the SFR and total molecular gas mass is consistent with the relation found by Lada et al. (2012) for local clouds. Faesi et al. (2016) followed this up with high angular resolution observations with the Submillimeter Array (SMA) of 11 regions already targeted by APEX and found that the GMCs they observed share similar physical properties and GMC scaling relations with GMCs in other nearby galaxies and our Milky Way.
Although a complete census of GMCs in NGC 300 would be extremely valuable, a complete mapping survey for CO emission would require prohibitive amounts of telescope time with either ALMA, the SMA, or a single dish, single mode, antenna such as APEX. However, we used observations by the Herschel Space Observatory to obtain a submillimetre/FIR survey of the entire galaxy to measure its dust content. In this paper we present the first results from our analysis of Herschel observations of NGC 300 and produce the first comprehensive study of the total population of giant dust clouds (GDCs) throughout this galaxy. The catalogue of GDCs and the analysis of their properties is intended to serve as the foundation for establishing a galaxy-wide census of GMCs in NGC 300 and will be useful in future comparisons between the dust and molecular gas characteristics in this galaxy.
This paper is structured as follows: In section 2 we present the observations and data. Section 3 discusses the source extraction algorithm and our chosen settings. Section 4 deals with the selection criteria we used to obtain the final catalogue of GDCs and describes how we determined GDC physical properties, such as temperature and mass. In section 5 we discuss our results and place these results in the context of the whole galaxy.
Observations and data

Herschel Space Observatory
We obtained photometric observations of NGC 300 with the Herschel Space Observatory (PI: Jan Forbrich) with two of its instruments, the Spectral and Photometric Imaging Receiver (SPIRE; Griffin et al. 2010 ) and the Photodetector Array Camera and Spectrometer (PACS; Poglitsch et al. 2010) .
The SPIRE observations took place on 2012 May 11 with a total exposure time of 4558 seconds; we obtained these Large map observations in the Cross scan pointing mode. The threeband imaging photometer of SPIRE carried out broadband photometry in three spectral bands centred at approximately 250, 350, and 500 µm. We refer to these images as SPIRE-250, SPIRE-350, and SPIRE-500, respectively. In our further analysis, we used the absolute calibrated extended emission maps ("extdPxW"), for which the absolute flux offset of the maps was derived from Planck all-sky maps 1 , as the flux estimates derived from these maps should be more reliable than the point source maps for our extended sources.
The two PACS observations were carried out on 2012 June 25 with a total exposure time of 3245 and 3803 seconds; the observation mode was Scan map (largeScan source mapping) with a Line scan pointing mode and a medium scan map rate. For the PACS observations we chose the blue channel with the 85-125 µm filter in addition to the red channel with the 125-210 µm filter, corresponding to reference wavelengths of 100 and 160 µm. We refer to these two images as PACS-100 and PACS-160, respectively. For the PACS observations, we used maps generated with JScanam (HPPJSMAP), as these should be well-suited for our source detection purposes in NGC 300 (Herschel Science Center Helpdesk, personal communication) . All images were downloaded from the Herschel Science Archive and processed through its automated pipeline (Standard Product Generation or SPG); the generator for the data products is SPG v13.0.0. Figure 1 shows all five Herschel maps of NGC 300 and Table  2 lists their most important parameters, including values for the FWHM spatial resolution in arcseconds converted into physical units at the distance of NGC 300. 
Catalogue of HII regions
The most complete catalogue of HII regions of NGC 300 up to the date of writing is from Deharveng et al. (1988, hereafter D88) . It is primarily based on an Hα photographic plate taken by the ESO 3.6 m telescope with an exposure time of 90 minutes and further spectroscopic identifications for the smallest HII regions (D88).
We assessed the quality of this catalogue by overplotting it on a newer and more sensitive extinction corrected line-only Hα map based on the ESO/WFI observations from F14 (see their § 2.2. for a detailed description on how this image was processed). We found that the positions of the whole D88 HII region catalogue needed a linear shift to match the emission features from the F14 Hα map. We excluded six HII regions from our further analysis because we found no Hα emission at their positions in the newer F14 Hα map. For 12 HII regions we needed to make individual slight corrections to the D88 position to make them match with HII regions in the new F14 Hα map. See Appendix A for a more detailed discussion on how we corrected the D88 HII region catalogue. We adopted the flux and size values of the HII regions as given in D88 without applying any corrections to their values; HII regions for which no size estimate was given in D88 are treated as point sources in our further discussion. We also made no attempt at extending the catalogue with any previously uncatalogued HII regions visible in the Hα map of F14.
Other ancillary data
Figure 1 also includes an image in the far ultraviolet (FUV) at an effective wavelength of 151.6 nm obtained by the Galaxy Evolution Explorer (GALEX). The GALEX image is included in this comparison to show that the extent of the (visible) stellar disk is very well defined in the FUV. We therefore used this image for the definition of our region of interest (ROI), inside which we searched for GDC source candidates.
The European Southern Observatory (ESO) published an optical image of NGC 300, which we adopted for a qualitative comparison throughout this work. This image is a composite of individual observations with the Wide Field Imager (WFI) instrument of the MPG/ESO-2.2 m telescope at La Silla, Chile. The field of view of the image is 30.22 × 30.22 arcminutes and the total exposure time amounted to around 50 hours. 3 We downloaded the image as fullsize original file (TIFF) from the ESO homepage, after which we converted it into RGB FITS files with matching astrometry.
For the source selection we also used archival observations of NGC 300 in the optical by the Hubble Space Telescope. We downloaded calibrated but unprocessed Level 0 images from the Mikulski Archive for Space Telescopes (MAST) and used the DrizzlePac software package 4 to create combined images of exposures with the same filter, the same camera, and within the same visit. We corrected geometric distortions of the ACS/Wide Field Camera (WFC) images using the newest reference files 5 and combined some of the images into mosaics using Montage (v3.3) 6 . We created (false colour) RGB images if there were at least two exposures with different filters available for a region. In Appendix C we present more details on the Hubble images we used.
Source extraction
Algorithm
We used the multi-scale, multiwavelength source extraction algorithm getsources 7 for the compilation of the source catalogues of NGC 300. We chose this algorithm because it was specifically created for the purpose of source extraction in Herschel images.
The getsources algorithm is primarily intended for FIR surveys of Galactic star-forming regions with Herschel, in particular the detection of (point-like) protostars (Men'shchikov et al. 2012) . However, it is also ideally suited for our purpose of detecting GMCs in nearby galaxies as most of these objects also exhibit a point-like structure due to our inability to resolve these sources in more detail, given the spatial resolution.
The getsources algorithm allows one to define which images should be used for the detection and on which images the combined multiwavelength extraction and measurements for the final catalogue should be performed. For example, it is possible to use all images for the detection and subsequently make multiwavelength extractions for various selections of the bands.
The algorithm also incorporates the multi-scale, multiwavelength filament extraction method getfilaments, which detects and subtracts filamentary structures from the original images prior to the detection and measurement steps (Men'shchikov 2013). In our case, these filamentary structures correspond to diffuse extended emission throughout the stellar disk, which is particularly relevant for the SPIRE images (250-500 µm).
3 http://www.eso.org/public/images/eso1037a/ 4 http://drizzlepac.stsci.edu/ 5 http://www.stsci.edu/hst/acs/analysis/distortion 6 http://montage.ipac.caltech.edu/ 7 http://www.herschel.fr/cea/gouldbelt/en/getsources/
Settings
For the source extraction with getsources, we defined a circular ROI with a radius of 12 , centred at RA = 00 h 54 m 56.4432 s and DEC = −37 • 40 23.0016", inside which we searched for sources. We based the definition of the ROI on the GALEX FUV image, since the largest extent of the (visible) stellar disk is best seen at this wavelength (see Figure 1) . We wanted to incorporate the whole visible stellar disk while including only a minimum of background to minimize false detections due to background sources. Moreover, an upper limit for the size of the ROI was set by the PACS images whose field of view was smaller than for the SPIRE maps.
For the source detection we resampled all images to the resolution of the PACS 100 image (1.6"/pixel). We did not shift the resampled images in position as their relative position to each other was already satisfactory. We chose the upper limit in spatial scale for the image decomposition step as 1.5 times the FWHM of SPIRE-500, which corresponds to a physical scale of about 500 pc. Visual inspections confirmed that this value is sufficient to include even the biggest GDC structures seen in the SPIRE-500 image.
The getsources algorithm uses a global goodness (GOOD) value to classify the source candidates into reliable and tentative detections. This GOOD value incorporates a combination of the global detection significance over all wavelengths and the global S/N ratio. Sources classified as tentative are indicated by a negative GOOD value and are automatically discarded by getsources for its final catalogue. However, we decided to include these tentative sources in our list of source candidates to check whether some of these were actually false negatives.
We performed two different multiwavelength extractions: one in which all five Herschel bands were used (yielding 200 source candidates) and one that used only the three SPIRE images (yielding 156 source candidates). The latter approach should also be able to detect pre-star-forming GDCs that do not show significant emission at 100 and 160 µm. For the most part, the two source extractions produced nearly identical results. However, in the more crowded central region the extraction using all five Herschel bands was able to decompose the extended objects into more individual regions. The inclusion of the PACS images also led to a decreased size estimate for the source candidates, as the extent of the sources could be better constrained. Therefore, we decided to adopt the results of the source extraction performed for all Herschel bands (200 source candidates), but added source candidates from the extraction limited to the SPIRE bands that did not show up in the SPIRE plus PACS run (six source candidates). We refer to this combined catalogue of 206 source candidates further on as the merged semifinal getsources catalogue. This catalogue includes 44 source candidates that getsources labelled as tentative and would have discarded for its final catalogue.
To verify the performance of getsources, we compared its results to the source extraction with two other point source detection algorithms (SUSSEXtractor and DAOPHOT, both implemented in HIPE, the Herschel Interactive Processing Environment). We found the results to be in good agreement regarding the detection of point sources (getsources covers ∼ 80% of the HIPE point source candidates). However, getsources was superior in the overall detection of extended structures.
Source catalogue
Selection of the sources
To analyse the merged semifinal getsources catalogue in more detail, we created thumbnails to perform a visual inspection of each source to assess its significance. We overplotted the (wavelength-dependent) FWHM shapes of the 206 source candidates as determined by getsources on the corresponding Herschel maps. This allowed us to determine at which wavelengths the source candidates had a well-defined shape, that is whether they showed significant emission at that wavelength. We adopted the shape of the FWHM at SPIRE-250 as a size estimate for the source candidates and additionally overplotted this shape on the GALEX FUV, ESO/WFI, and Hubble images.
We checked the ESO/WFI and Hubble images in particular for hallmark features of GDCs such as dark dust lanes seen in absorption or HII regions, and unmistakable signs of a false detection, such as a well-confined disky or elliptical structure indicating a background galaxy. This was especially significant for source candidates located between spiral arm features or positioned on the outskirts far away from the visible stellar disk. Although we expect the majority of GDCs to be positioned inside a spiral arm feature, this was not a prerequisite for the final selection. Foyle et al. (2010) , for example, concluded in their analysis of three spiral galaxies that even in grand-design spirals star formation in interarm regions is significant.
Our most important criterion for the validation of a source was the existence of significant flux values in the Herschel bands. We required a S/N ratio > 3 in at least two Herschel bands for a source candidate to be considered as a valid source. We especially checked the SPIRE bands for convincing emission features, as we expect the thermal emission of the cold dust of the GDCs to be most prominent at these wavelengths. In contrast, the existence of significant flux values in the PACS bands was not a necessary selection criterion, as some of the colder GDCs with only little or no ongoing star formation are not expected to show up brightly at 100 and 160 µm. In particular in the central regions the increased density of the older stellar population contributes increasingly to the heating of the cold dust in the ISM of NGC 300 and thus also leads to higher values of diffuse emission in the SPIRE images. We took into account that smaller GDCs located in a spiral arm near the central region might not stand out clearly from the surrounding high diffuse background emission. Conversely, source candidates located near the edge of or beyond the visible stellar disk that show only a small contrast to their surroundings are much more likely to be background sources, since background objects begin to dominate the FIR emission outside the visible stellar disk, where there is only very little or no contribution from the galaxy itself (see Figure 1) . Figure 2 shows the outermost contour of the diffuse extended emission of NGC 300 that was modelled by getfilaments. This structure traces the visible stellar disk very well, which is why one of our selection criteria for the GDC catalogue was that the source candidates had to be located inside this contour.
If a source candidate was labelled as tentative by getsources we required convincing evidence for its inclusion in the GDC catalogue. We adopted the contrary approach for source candidates labelled as reliable: if there was no convincing evidence for a false or spurious detection or other problems such as blending effects, we kept the sources in our selection.
In total, we discarded 60 source candidates from the merged semifinal getsources catalogue (marked in Figure 2 with dashed ellipses) for the following reasons: -Source candidates identified as background galaxies (blue dashed ellipses). We visually identified nine source candidates as background galaxies, five of which are located inside the diffuse extended structure determined by getsources. -Source candidates blended with other sources (yellow dashed ellipses). This applied to three source candidates, two of which were strongly blended. We added the flux of the two strongly blended discarded source candidates to their blended counterparts that we kept in the final catalogue. -Tentative source candidates positioned inside the diffuse extended structure determined by getfilaments, but very likely spurious detections or background sources (red dashed ellipses). This applied to 17 source candidates that were classified as tentative by getsources; they have only weak fluxes in the Herschel bands and no convincing GDC features (such as dark dust lanes, young massive star clusters, or HII regions) were visible in the optical images. Most of these source candidates were positioned near the outer edge of the fitted diffuse extended structure, where the likelihood of detecting background sources was higher. -Source candidates that did not fulfill our criterion of a positive detection (S/N > 3) in at least two Herschel bands (green dashed ellipses). This applied to one source candidate from the SPIRE-only source detection run with getsources, which only had one positive detection in the SPIRE-250 band. -Source candidates positioned outside the diffuse extended structure determined by getfilaments, which we adopted as a good tracer for the dust in the stellar disk (black dashed ellipses). This applied to 30 source candidates, of which 14 were labelled tentative by getsources. Another two of these discarded sources are associated with the HII regions #1 and #72 from D88. Both of these regions were already targeted by F14 but do not show a detection in CO. These HII regions also do not show up very brightly in the continuumsubtracted Hα image from F14.
The final catalogue automatically produced by getsources would have consisted only of the 162 source candidates of the merged semifinal getsources catalogue classified as reliable and would have neglected any sources labelled as tentative. For our final catalogue of GDCs, we discarded 28 of those source candidates labelled as reliable, a third of which we could unambiguously identify as background galaxies. However, we also chose to include 12 sources in our final catalogue that were classified as tentative by getsources because they show convincing emission features in all SPIRE bands; five of these tentative sources also show associations with HII regions from D88, which we took as additional evidence for their validity. Based on these results we conclude that the catalogue automatically produced by getsources would have had a false positive rate of 17.3%, and 27.3% of the objects neglected by getsources as tentative sources would have been false negatives.
In total, we retained 146 of the 206 source candidates for our final catalogue of GDCs (see Figure 2) . Table B .1 in the Appendix lists the RA and DEC positions and the flux values for all five Herschel bands as determined by getsources for the 146 sources in the final catalogue. The flux values are the measurements of the total (background corrected) fluxes of the sources, for which the contributing flux inside the footprint of each source was summed up. The footprint was determined by getsources as the area containing non-negligible flux of a source and has a size that is about two times as large as its FWHM, although this can vary significantly depending on the source. In particular in the crowded central regions the footprints of the sources often overlap considerably, but the deblending algorithm contained in getsources should be able to attribute correctly the flux contribution to the respective sources to a very high degree. If the ratio of flux-to-flux error for a source at a certain wavelength was < 3.0, we assumed that the total flux was not measurable at that wavelength. In such cases, we only give an upper limit of the flux as three times the estimate of the total flux error (indicated by '<' in front of the value). This affected mostly SPIRE-500 flux estimates. Figure 3 shows a histogram of the quality assessment by getsources for all source candidates of the merged semifinal getsources catalogue and the subsample of sources selected for the final catalogue of GDCs. The majority of the source candidates and most of those that were ultimately discarded have a "GOOD" value below 3 (negative values just indicate that getsources labelled them as tentative). According to additional information contained in the catalogues produced by getsources, the user is advised to use only source candidates with "GOOD" values larger than one to three. As can be seen in Figure 3 , this would have excluded most of our source candidates. However, since getsources is intended mainly for source detection in Galactic star-forming regions, we argue that its application in an extragalactic context is expected to result in lower quality values due to the much poorer absolute spatial resolution and the detection of completely different physical objects (entire complexes of different star-forming regions instead of single protostars). In many cases, the modelling of the diffuse extended structure by getfilaments could also have reduced the total flux values by an amount that is too much and would thus have had adverse consequences for the quality assessment. The flux values of central sources embedded deep inside the fitted diffuse extended structure were re- duced by a high amount of assumed (diffuse) background emission that could be more than twice as high as for sources located near the edge of the visible stellar disk, where the amount of flux allocated to diffuse extended emission drops to almost zero.
From the visual inspection of all source candidates in the ancillary data, we can almost fully rule out contamination of the catalogue by resolved background galaxies, as these would have been already identified in the ESO/WFI images and, where available, the Hubble images. In one problematic case (GDC #24) a resolved background galaxy is situated close to a GDC, which shifted the central position of the GDC about 12" away from the centre of the dust emission peak.
In Figure 4 we plot a histogram of the getsources total SPIRE-250 flux estimates for the final GDC catalogue and for the rejected source candidates. We did not include sources with uncertain SPIRE-250 flux estimates in this plot, i.e. sources for which the total flux value did not exceed three times the flux uncertainty (this concerned six of the selected GDCs and six of the discarded source candidates). The bin size of 0.125 dex corresponds to the median total flux error of the sources. We estimated the contamination fraction (CF) per flux bin as N discarded /(N real + N discarded ), i.e. the ratio of discarded sources to the total amount of source candidates (real and discarded) in the flux bin. Our contamination fraction drops to below 10% above a total flux value of 86 mJy and we therefore adopted this as our de facto sensitivity limit, beyond which we essentially detect only GDCs. Below this flux limit the number of rejected sources increases and reaches a peak around a total flux value of 46 mJy, below which our source candidates are dominated by background sources or spurious detections. All of the seven sources that we could resolve as background galaxies and that had reliable SPIRE-250 flux estimates are located around the 50% CF threshold.
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Deprojected galactocentric distances
We used a Python-script 8 for the computation of the deprojected galactocentric distances of the GDCs. The values taken for the distance, position angle of the major axis, and inclination angle between the line of sight and polar axis are listed in Table   8 . The large dashed black ellipse denotes the isophotal radius R 25 as defined in Table 1 .
1. Figure 5 shows a histogram of the deprojected galactocentric distances of all source candidates detected by getsources and the subsample of the final catalogue of GDCs. This shows that the sources we discarded were mostly situated outside the B-band 25 th magnitude isophotal radius R 25 .
Effective dust temperatures
One common approach to estimate the dust temperature is to fit a single modified black body to the SED at FIR wavelengths (e.g. Rémy-Ruyer et al. 2013; Kirk et al. 2015) , which however is likely not the best method to characterize the physical causes responsible for the dust heating. Bendo et al. (2012) studied three nearby spiral galaxies and found that the evolved stellar population of a spiral galaxy is likely the dominant heating source for dust observed at wavelengths longer than 160 µm. These authors further concluded that dust models need to include two thermal components: one component whose SED peaks below 160 µm for the dust heated by star-forming regions and regions in which stochastically heated grain emission dominates (i.e. elevated 24-70 µ emission; e.g. in the Magellanic Clouds; Bernard et al. 2008) , and one component with an SED that peaks at longer wavelengths for the cooler dust that is relatively unaffected by star formation activity and is heated mainly by the evolved stellar population. For NGC 300 we derived effective temperature maps using two-component black-body fits to seven photometric bands between 24 and 500 µm; Spitzer Space Telescope's Multiband Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004 ) at 24 and 70 µm, PACS-100/160, and SPIRE-250/350/500). We convolved all the images to the lowest resolution, i.e. the pixel scale of the SPIRE-500 image (see §2.4 of Galametz et al. 2012 , and references therein for more information on the convolution). We used convolution kernels from Gordon et al. (2008) and performed the convolutions using the conv_image script 9 . We used the resulting maps to construct the 24-500 µm SED for each individual pixel. We then fit each pixel's SED with a two-component modified black body using the MPFIT package 10 . This algorithm performs a Levenberg-Marquardt least-squares minimization to the data points for the following assumed two-component model (see also Eq. 3 of Galametz et al. 2012) :
where B ν (T C ) and B ν (T W ) are the Planck functions of the cold and warm dust effective temperatures, A C and A W are the cold and warm dust component amplitudes (incorporating optical depth and normalization frequency for β), and β C and β W are the power law exponents of the dust emissivities. Based on theoretical expectations (Li & Draine 2001) we decided to fix β W to a value of 2. We fixed β C to a value of 1.7, which was motivated by results from the Planck mission that found values for the spectral index at FIR wavelengths of 1.78 ± 0.08 for local clouds (Planck Collaboration et al. 2011 ) and 1.62 ± 0.10 over the whole sky (Planck Collaboration et al. 2014) . Our fit thus contains four free parameters: T C , T W , A C , and A W . To produce reliable effective temperature estimates, we required that each pixel have intensity ≥ 3σ in at least six of the seven bands. Our comparisons show that the dust mass in our GDCs is completely dominated by the cold dust contribution, where the total mass of dust in the cold component is 100-1000 times higher than the total mass of dust in the warm component. For this reason we focus only on the cold dust effective temperature in our further discussion, as its thermal emission completely dominates the dust mass in our GDCs at the wavelength regime of 250-500 µm. Figure 6 shows our cold dust effective temperature map for NGC 300. We calculated mean cold dust effective temperatures for our GDCs by averaging across the temperature values inside the elliptical structure that we adopted for their size estimate.
A single fixed value of β is likely not the best choice for all of our GDCs (Faesi et al., in prep.) . The emission and absorption properties of the dust grains depend on their composition (e.g. Zubko et al. 2004; Demyk et al. 2017 ) and the dust emissivity varies with the environment (e.g. Paradis et al. 2009 ). Tabatabaei et al. (2014) , for example, studied the variation of β across M33 and found that it declines from close to 2 in the centre to about 1.3 in the outer disk; these authors conclude that this decrease is likely due to reduced metallicity. Our estimate for the uncertainty of the dust effective temperature values reflects this possible variation of β throughout the disk of NGC 300. For the error estimate, we compared the cold dust effective temperature map derived for β = 1.7 with cold dust effective temperature maps for β values of 1.5 and 2. We calculated the difference in cold dust effective temperature for each pixel, which yielded a median value of ±1.5 K that we adopt as our uncertainty for the cold dust effective temperature.
Mass determination
We estimated the dust masses of the GDCs, assuming that the dust is optically thin, i.e.
where F ν is the flux at frequency ν, B ν (T d ) is the Planck function at frequency ν for dust effective temperature T d , κ ν is the mass absorption coefficient that expresses the effective surface area for extinction per unit mass, and D is the distance. We estimated κ ν from computations of a model for interstellar dust consisting of a mixture of carbonaceous grains and amorphous silicate grains with R V = 3.1 (Weingartner & Draine 2001 ). We fitted their values of κ ν from 245.471 µm to 512.861 µm in log-log space with the lowest order polynomial that yielded a good match 11 to interpolate the values of κ ν at 250, 350, and 500 µm as 4.023, 1.915, and 0.949 cm 2 /g, respectively.
We based our mass determinations on the SPIRE-250 flux measurements by getsources and calculated the uncertainty of the mass values by error propagation of the individual parameters.
12 For the uncertainty of the distance, we adopted a value of ±0.06 Mpc, which is the 1σ error in fractional distance for NGC 300 from the Cosmicflows-2 catalogue (Tully et al. 2013) . We used an error of ±1.5 K for the cold dust effective temperature (see previous section). Owing to the exponential term in the Planck function, this temperature uncertainty would translate to upper and lower bounds for B ν (T d ) that differ by a factor of about 1.1 to 1.3. To simplify the error calculation, we took the bigger uncertainty value as its symmetric error, which leads to slight overestimates for the lower uncertainty limits of the dust mass values. The flux uncertainties we used are given in Table  B .1. We calculated no masses for GDCs for which the flux uncertainty exceeded the flux values and for which we only list upper limits for the flux. We assume no uncertainty for the mass absorption coefficient, but caution that for a different assumption of the dust grain composition its value could be higher by a factor of about two (Fanciullo et al. 2015 , Demyk et al. 2017 . Moreover, in its outskirts the metallicity of NGC 300 is similar to that of the Large Magellanic Cloud (LMC; Kudritzki et al. 2008 , Bresolin et al. 2009 ), for which Galliano et al. (2011) showed that the standard grain composition (graphite and silicate) used for the Milky Way does not give physically realistic results. Therefore, we caution that our mass estimates may vary within a factor of two depending on the detailed and spatially varying dust composition in NGC 300.
We compared the GDC masses based on the SPIRE-250 fluxes to the masses obtained using the two other SPIRE bands, for which we used the corresponding flux values and mass absorption coefficients for 350 and 500 µm. For the total flux values of SPIRE-350/500 getsources determined bigger footprints, inside which the flux was summed up. Thus the deblending got more unreliable, especially in the more crowded central regions of NGC 300 and the number of reliable mass estimates decreased. The number of GDCs for which we could compare SPIRE-250 mass estimates with SPIRE-350 or SPIRE-500 mass estimates was thus reduced to 106 and 33 objects, respectively. The SPIRE-350 mass values are on average about 30% higher than the SPIRE-250 mass values, but about 93% are still compatible within the uncertainties. The 33 SPIRE-500 mass values are on average a factor of 2.5 higher than the SPIRE-250 mass values and only 30% are compatible within the uncertainties. However, the number of GDCs for which we could calculate mass estimates using the SPIRE-500 band is very low (only about 24% 11 The polynomial we used was of the form y(x) = 0.1131 x 3 − 0.08277 x 2 − 3.869 x + 8.798.
of the total sample of GDCs), which effectively excluded this wavelength for the mass estimation. Finally, we also checked how lower or higher values of the spectral index β would affect our dust mass estimate. For β = 1.3 and β = 1.5 the mass estimates would be on average about 35% and 19% lower, respectively. For β = 2 the mass estimates would be on average about 39% higher. However, almost all of those values are compatible within the uncertainties to our mass determinations for β = 1.7 with an assumed error for the cold dust effective temperature of ±1.5 K.
Flux at 24 µm
We used the Spitzer/MIPS 24 µm image from the Spitzer Local Volume Legacy Survey 13 (Dale et al. 2009 ) to estimate flux values of our GDCs at 24 µm. In addition to the background subtraction that was already performed on the image we corrected for an additional background flux due to the stellar disk of the galaxy. We determined a median flux value inside the ROI of 0.001 mJy, which we subtracted from all the pixels. We used the aperture_photometry task of the photutils 14 package to sum up all positive flux values inside the SPIRE-250 FWHM ellipses, which we adopted as the effective contour sizes of our GDCs. For the uncertainty values we compared these flux values to aperture photometry results for GDC FWHM minor and major axes multiplied by a factor of 0.9 and 1.1 and took the bigger flux difference as its symmetric error. We made no corrections for blended GDCs. Table B .1 lists the flux values at 24 µm for all GDCs. In section 5.4 we use the 24 µm fluxes to correct the Hα measurements for the effects of extinction.
Hα flux and correlation with HII regions
We used the line-only Hα map from F14 to calculate Hα-fluxes for our GDCs. We performed the aperture photometry again with the photutils package. We used its Background2D task and determined a median background value per pixel of 0.34 · 10 −18 erg s −1 cm −2 , which we subtracted from all the pixels. Similar to the flux determination at 24 µm, we summed up all positive flux values inside the SPIRE-250 FWHM ellipses that we adopted as the effective contour sizes of our GDCs. For the uncertainty values we compared these flux values to aperture photometry results for GDC FWHM minor and major axes multiplied by a factor of 0.9 and 1.1 and took the bigger flux difference as its symmetric error. We made no corrections for blended GDCs. We also correlated our GDCs with the slightly modified catalogue of HII regions from D88 (see § 2.2). We adopted the size estimates from D88 and treated all HII regions for which no size estimate existed as point sources at the resolution of the ESO/WFI image. We slightly increased the effective contour size (i.e. both the semi-minor and semi-major axis) of the GDCs to 1.1 times the area of their SPIRE-250 FWHM size to account for HII regions with no size estimate situated just outside the SPIRE-250 FWHM extent of the GDC. We established an association between a GDC and an HII region if their areas intersected; the point source-like HII regions had to be located inside the association area that we adopted for the GDCs.
Column (17) in Table B .1 lists the HII regions associated with each GDC. The superscripted letters in brackets indicate whether APEX observations by F14 of these HII regions exist and whether they showed a detection (D), marginal detection (M), or non-detection (N) in CO(J=2-1).
We find that 90 of our GDCs (about 62% of the final catalogue) are associated with at least one HII region from D88. We note that this result does not sensitively depend on the effective contour size we adopted for the GDCs: even when we double the semi-minor and semi-major axes of the SPIRE-250 FWHM size about 30% of the GDCs still show no association with any D88 HII regions according to our criterion. For 54 GDCs an associated D88 HII region was already targeted by F14, 31 of which showed a CO detection (D) and 17 showed no detection in CO (N). We can thus confirm that the F14 sample is a reasonably unbiased sampling of the GDC distribution in NGC 300 because by targeting its HII regions for associated molecular gas they also sampled the distribution of GDCs, in particular the dynamic range in cold dust effective temperature and dust masses, very well (see Table B .1).
Altogether, 117 of the 166 HII regions (∼ 70%) from our revised D88 catalogue show an association with at least one of our GDCs. Even though in our source selection we saw the presence of an HII region as an affirmative sign for the correct detection of a GDC with ongoing star formation, this was not a primary selection criterion and our catalogue should thus not be biased towards GDCs associated with HII regions.
We compared these results based on the D88 HII region catalogue to two more recent Hα observations of NGC 300. Soffner et al. (1996) observed three fields in the central region of NGC 300 with an Hα filter at the 3.5 m NTT telescope. Each of these fields had an extent of 2.2 × 2.2 arcminutes, an exposure time of 900 and 1800 seconds, and a resolution of 0.13 arcsec/pixel; this allowed Soffner et al. (1996) to identify many more HII regions (88) than D88 (33) for the same area. If we associate our GDCs in the fields observed by Soffner et al. (1996) with their catalogue of HII regions instead of that by D88, the number of GDCs from our catalogue correlated with HII regions increases by a third (from 21 to 28). If the whole stellar disk of NGC 300 were mapped in Hα similar to the study of Soffner et al. (1996) , we would thus also expect our number of GDCs associated with HII regions to increase by up to a third (or about 30).
We also qualitatively checked the line-only Hα map from F14 and the ESO/WFI images in Fig. ? ? for HII regions not catalogued by D88 and get a similar result of an additional 26 GDCs associated with at least one small HII region.
If we consider these two estimates for GDCs associated with HII regions not catalogued by D88, the percentage of GDCs from our catalogue not associated with any HII region decreases to 18-20%.
Comparison with APEX observations
In this section we would like to examine the relation between the dust emission and molecular gas in NGC 300, as it is wellknown from work on other nearby galaxies that the flux in the FIR correlates with the CO line emission (e.g. Corbelli et al. 2012 , Wilson et al. 2012 , Grossi et al. 2016 .
Since at the time of writing there are no galaxy-wide molecular gas observations available for NGC 300, we have to restrict our comparison to the 76 pointed CO(J=2-1) APEX observations of F14. The APEX observations have a FWHM beam size of 27", which corresponds to a spatial resolution of about 250 pc at the distance of NGC 300. The goal of F14 was to get CO measurements for a representative sample of star-forming regions Article number, page 9 of 25 A&A proofs: manuscript no. Gathering_dust_FINAL_arxiv Table 1 .
throughout the stellar disk of NGC 300, for which they targeted HII regions for their associated molecular gas. Figure 7 shows a comparison between the catalogue of GDCs (yellow ellipses) and the APEX CO(J=2-1) pointed observations from F14. For 33 of the 42 CO detections in F14 (shown as blue and yellow circles), the footprints of our GDCs overlap more than 50% with the APEX beam area. The remaining 9 APEX pointings that yielded a detection in CO either partly overlap with a GDC or at least have a GDC close by. There are also 15 GDCs whose footprint overlaps more than 50% with the APEX beam area of observations that yielded no CO detections. The percentage of APEX CO detections coinciding with GDCs is thus much higher (79%) than the percentage of APEX CO non-detections coinciding with GDCs (44%). It is clear from this comparison that dust structures are much more likely to be found where molecular gas is present. Of the 15 GDCs associated with APEX CO non-detections, 11 are situated at a galactocentric distance beyond 2.81 kpc (= 0.5·R 25 ), i.e. they are located in the outer part of the galaxy, where the lower metallicity values might explain the CO non-detections. It is also possible that in these regions the dust is associated with HI instead of H 2 traced by CO. Another explanation might be that these GDCs are associated with evolved HII regions in which much of the molecular gas has been dissociated by long-term exposure to the intense radiation field present there. This would also explain the four GDCs located in the inner part of the galaxy, which are associated with non-detections in CO.
Any comparisons between CO observations to our GDCs need to account for some limitations of our catalogue. Owing to the fairly large beam size at 250 µm (∼ 170 pc) compact dust peaks with sizes below the Herschel resolution that spatially correspond to peaks in CO emission might not be present . The blue dashed line shows a fit only through the blue data points (orthogonal distance regression also taking the error bars into account); the slope of this fit is 0.8 ± 0.2.
in our catalogue, especially if the dust is heated by active starforming regions and the bulk of the dust emission is shifted to the mid-infrared. The sizes we adopted for our GDCs (their FWHM shape at 250 µm) is of course also tied to the spatial resolution of the SPIRE-250 image and, in cases in which larger dust complexes were segmented into individual GDCs, the deblending and size attribution might have been compromised. A direct comparison between the GMC complexes (GMCCs) detected with APEX and the GDCs from our catalogue is further difficult because the APEX CO measurements represent single observations towards the central position of the associated bright HII region. Follow-up observations of a subsample of the APEX pointings with ALMA confirm that in many cases the brightest CO source is indeed offset from the central APEX pointing (Faesi et al., in prep.) . We thus restricted our comparison to a sample of 21 GDCs, where the APEX beam fully encompassed the elliptical shape we adopted as the size estimate for our GDC. Figure 8 shows a plot of the total flux of the GDCs at 250 µm against the integrated CO(J=2-1) intensity of the corresponding GMC complexes as determined by F14. Neglecting the CO upper limits and marginal detections, we see a good correlation between the CO intensity and the dust emission with a Pearson correlation coefficient of 0.63. A fit through only the data points that have CO detections (blue circles) yields a slope of 0.8 ± 0.2. Only two of the CO non-detections are located at larger galactocentric radii (3.3 and 5.4 kpc, with CO upper limits <118 mK km s −1 ), while all the other GDCs associated with CO detections, marginal detections, and non-detections are located at galactocentric distances less than 3.1 kpc.
In Figure 9 we compare the dust masses of 14 GDCs with the molecular gas masses of coinciding GMC complexes that show a detection in CO(2-1) as determined by F14. Since F14 used different values for the distance to NGC 300 and its inclination, we recalculated the GMCC masses for the values we used throughout this paper (see Table 1 ). Notwithstanding the rather low Pear- are consistent with a general trend that regions with higher dust masses also have higher molecular gas masses. A fit through those 14 data points yields a slope of 1.0 ± 0.3. Even though the scatter is substantial and we are limited to low-number statistics, Figure 9 thus nonetheless serves as a valuable starting point for the discussion of the gas-to-dust ratio in NGC 300. However, we have to caution that both mass estimates are subject to many assumptions and uncertainties. For the molecular gas mass estimates from F14, systematic uncertainties might be due to the CO-to-H 2 conversion factor and possible variations of the CO(2-1)-to-CO(1-0) line ratio throughout the disk of the galaxy. For our calculation of the total dust mass, systematic uncertainties might have been introduced by our adopted values for the mass absorption coefficient and spectral emissivity index. Even though the 14 GDCs plotted in Figure 9 are covered by an APEX beam, most of these GDCs are not centred in the beam. There could thus be a systematic bias towards lower APEX gas masses in this comparison, if we assume that the dust emission peaks are for the most part spatially coincident with the brightest CO emission peaks. The fraction of molecular mass residing in COdark gas might also be significant and its importance increases in the outer regions of galaxies in which the metallicity decreases and the amount of dust shielding gets lower (Wolfire et al. 2010) . The fit through the data points in Figure 9 that corresponds almost exactly to a constant gas-to-dust ratio of 80 acts thus as a strict lower limit on the molecular gas-to-dust ratio. We note again that F14 only calculated the molecular gas mass (including helium), not the total mass including atomic hydrogen. However, since the neutral ISM is much more extended than the molecular ISM and GMCs are typically clumpy and less than 100 pc in size (e.g. Murray 2011), we expect that at the size scales of the F14 GMCCs (∼250 pc) HI contributes more significantly to the total gas mass than at smaller scales and might even be a dominating factor. Mizuno et al. (2001) found that most of the GMCs in the LMC are distributed in dense parts of HI gas. In their study of GMCs in M33, Imara et al. (2011) also found that the majority of clouds coincide with a local peak in the surface density of HI with mean values for Σ HI of about 10 M pc −2 near the GMCs. The average value of Σ HI in NGC 300 is about 7 M pc −2 within R 25 (Westmeier et al. 2011) , which is slightly higher than the average molecular gas surface densities of about 6 M pc −2 for the GMCCs with CO detections from F14. If we assume a constant HI surface density for the GMCCs with a value equal to the average Σ HI we would expect HI to contribute about 3.5·10 5 M to the total gas mass of a structure with radius 125 pc. This estimate for the HI mass exceeds the average molecular gas mass of the 14 GMCCs included in Figure  9 by about 13%, so on a first approximation we would expect the average value of the total gas-to-dust ratio to be about 170, which is slightly more than double the amount of the molecular gas-to-dust ratio. Given that the atomic-to-molecular transition typically seems to occur at an HI surface density of 10 M pc −2 (e.g. Leroy et al. 2008 ) this would yield an upper limit for the HI mass contribution to the GMCCs of about 4.9·10 5 M and gives us an upper limit of about 210 for the average total gasto-dust ratio of the 14 GMCCs in Figure 9 . Leroy et al. (2011) empirically found a metallicity-dependent total gas-to-dust ratio in nearby galaxies of log 10 (δ GDR ) = 9.4−0.85·(12+log 10 (O/H)). For a characteristic oxygen abundance of 12+log 10 (O/H) = 8.41 at 0.4·R 25 in NGC 300 (Bresolin et al. 2009 ), this yields a gasto-dust ratio of about 180, which is in agreement with our estimate above. Because of the metallicity gradient in NGC 300, the oxygen abundance value ranges from about 8.57 in the centre to 8.16 at R 25 (Bresolin et al. 2009 ), which translates to a prediction for the gas-to-dust ratio in NGC 300 from about 130 near the centre to about 300 in the outskirts of the stellar disk. For the morphologically similar galaxy M33, Braine et al. (2010) estimated the total gas-to-dust ratio from derived dust cross-sections and found that it ranges from ∼125 in the inner parts ∼200 near R 25 . Compared to M33, our predicted values of the total gas-todust ratio in NGC 300 are almost identical in the central part but higher near R 25 , which would also be expected from the similar but slightly steeper slope of the metallicity gradient of NGC 300 as measured from O abundances of HII regions (Magrini et al. 2016 ). Figure 10 shows the histogram of the cold dust effective temperatures for 140 GDCs from the final catalogue (for the remaining six sources no temperature values could be determined). This figure shows that the GDCs probe a wide range of effective temperatures from ∼ 13 to 23 K. As one might expect, GDCs that are associated with known HII regions have in general a slightly higher cold dust effective temperature. All the GDCs with a cold dust effective temperature above the median value of 17.8 K that show no association with any D88 HII region are situated in the inner part of the galaxy; these GDCs have a deprojected galactocentric distance smaller than 2.81 kpc (= 0.5·R 25 ). One likely explanation for these increased temperatures is the radiation field produced by the dense older stellar population near the centre leading to higher stellar surface densities in the inner parts of the galaxy (Westmeier et al. 2011) , which is reflected in the radial gradient in cold dust effective temperature in Figure 6 . late with giant HII regions 15 , which indicates that a physical association is at least partly responsible for this distribution. However, our approach of estimating the effective temperature is subject to many uncertainties, such as our implicit assumptions that the SED can be properly modelled by the two-component blackbody fit and that the dust effective temperature along a given line of sight is constant.
Discussion
Cold dust effective temperature
In Figure 11 we plot the estimate of the cold dust effective temperature for each GDC against their deprojected galactocentric distances. There is no obvious accumulation at a certain temperature value and the high negative Pearson correlation coefficient of -0.77 suggests a relatively smooth radial cold dust effective temperature gradient in the disk of NGC 300; a fit through the data points yields a slope of −1.3 ± 0.1. This gradient in cold dust effective temperature ranges from ∼22 K in the centre to ∼14 K at a galactocentric distance of 6 kpc, which is similar to the cold dust effective temperature gradient found in M33 Xilouris et al. 2012 ). There are some deviations from the general trend, most notably the GDCs with very high cold dust effective temperature at a galactocentric distance of ∼ 2 − 2.5 kpc (GDCs #42, #65, #68, #102, #123, #124, and #126) and ∼ 6 kpc (GDCs #2, #3, and #4); however, they are all associated with big HII region complexes, which may explain their increased dust effective temperature. The general trend in decreasing cold dust effective temperature with increasing galactocentric distance is likely due to the radial decrease in stellar density (Westmeier et al. 2011 ) and thus interstellar radiation field. The amount of heating of the cold dust is thus mainly a function of the galaxy's exponential surface brightness profile, i.e. the radiation field produced by the total stellar population of the galaxy. Fig. 11 : Cold dust effective temperature vs. deprojected galactocentric distances for the 140 of our GDCs with temperature measurements. The coloured symbols all indicate GDCs that are associated with D88 HII regions. The GDCs that also coincide with regions that were observed by APEX (see section 4.7) are indicated by blue filled circles (CO detections), yellow unfilled squares (marginal CO detections), and red crosses (no CO detections). The vertical error bar in the lower left indicates the uncertainty in temperature that we assume for all GDCs. The dashed line is a fit through the data points and has a slope of −1.3 ± 0.1. The shaded region indicates the typical temperature uncertainty interval of ±1.5 K. Figure 12 shows the dust mass distribution of all GDCs from the final catalogue for which reliable mass estimates could be determined from the SPIRE-250 flux values (134 sources in total). The total dust mass in the sample is 6.7±0.2·10 5 M with a median mass of 4.6·10 3 M . Assuming our completeness estimate from Figure 4 we used the median cold dust effective temperature of our GDC sample (17.8 K) to translate the flux value of 86 mJy (above which the contamination fraction drops below 10%; see Fig. 4 ) to an approximate mass completeness limit of 3.8·10 3 M . Our sample of GDCs covers a range in dust masses of about 1.2·10 3 to 1.4·10 4 M . The likelihood that a GDC is associated with an HII region appears to be independent of its mass. Of the 86 GDCs above the mass completeness limit 65% are associated with a D88 HII region. The GDCs #5, #30, and #45 are the most massive objects of our catalogue that do not show any association with known HII regions and, thus, are of particular interest for further studies, as they might be pre-star-forming environments. For the remaining GDCs below the mass completeness limit 64% show a correlation with a D88 HII region.
GDC dust masses
In Figure 13 we plot the cumulative mass distribution for 75 GDCs that have dust masses above the mass completeness limit of 3.8·10 3 M and fractional mass uncertainties less than 0.5. We fit truncated and non-truncated power law functions to the data using the mspecfit 16 routine of Rosolowsky (2005) , which is designed to fit cumulative distributions and implements a maximum-likelihood algorithm to account for uncertainties in both the mass values and the number distribution. The nontruncated power law distribution is defined as with the power law index γ and the maximum mass in the distribution M 0 .
The truncated power law distribution is defined as The truncated power law distribution is a much better fit to the data points in Figure 13 than the non-truncated power law distribution. Although the value of the power law index for the truncated power law distribution (γ = −3.2 ± 0.4) is higher than the value of the power law index that F14 derived from their mass spectrum for resolved molecular clouds (γ = −2.7 ± 0.5), both of which are in agreement considering the uncertainty intervals. Figure 14 shows GDC dust mass as a function of deprojected galactocentric distance. At a Pearson correlation coefficient of 0.29, the weak trend of GDC mass estimates to increase with galactocentric radius does not appear to be significant in view of the uncertainties. A likely explanation for the apparently lower masses of the GDCs located below a galactocentric distance of 1 kpc could be that the subtracted flux attributed to diffuse emission was highest in the central region of the galaxy and that the GDCs in that location are also more crowded and thus might be more affected by the deblending, which could lead to possible underestimations of the dust mass values of some of these GDCs. Since our mass estimate is highly dependent on the value of the cold dust effective temperature, with lower values leading to a significant increase in the computed mass estimates, it is possible that we overestimate the masses for some of the GDCs located far away from the centre for which we could only determine uncertain temperature estimates (these GDCs are indicated in Table B .1). However, the similar scatter in dust masses of GDCs located at ∼2 to 6 kpc is most likely a real effect, since Casasola et al. (2017) also found that the dust mass surface density gradient in NGC 300 is almost flat out to ∼ 5 kpc, which is the outermost distance they consider for their dust mass surface density calculations, and cannot be fit by an exponential profile. Moreover, Figure 11 and Figure 14 show that both GDCs with and without associated HII regions are found in the entire galaxy and across the full mass range.
Size distribution
We adopted the elliptical shape of the FWHM at 250 µm as determined by getsources for our size estimate of the GDCs. Figure  15 shows the distribution of diameter values for the equivalent circular areas. About a third of the GDCs are situated at the lower limit at 170 pc, which is defined by the beam size at 250 µm. It is likely that many of these GDCs could not be resolved in the SPIRE-250 image and are actually much smaller, even though some could be individual large dust structures. For the GDCs bigger than about 180 pc in size, we assume that these are indeed complexes or associations of several dust clouds, as their extent matches or exceeds the size of even the largest known individual clouds in our Milky Way (e.g. Murray 2011 ). The average size of the GDCs increases slightly at larger galactocentric distances. For GDCs located below a galactocentric distance of 2.81 kpc (= 0.5·R 25 ) the median diameter for an equivalent circular area is 178 pc, whereas for GDCs at larger galactocentric distances the median diameter is 198 pc. For about 35% of the 87 GDCs located at a galactocentric distance of less than 2.81 kpc, the sizes are the same as the beam size of the SPIRE-250 image, which means that these are likely unresolved and thus more compact objects. For the 59 GDCs located beyond a galactocentric distance of 2.81 kpc, only 10% have sizes identical to the SPIRE-250 beam size. However, we have to caution that for some of the GDCs in the outskirts of the galaxy that show only weak fluxes at 250 µm the size estimate as determined by getsources might be too high; we indicate the GDCs that have uncertain size estimates in Table  B .1.
Association with Hα emission
Another interesting property of our GDC sample is their associated Hα emission. For GDCs that are in a pre-star-forming or early star-forming stage we would expect plenty of dust emission in the FIR but only little associated Hα emission. For GDCs in an intermediate star-forming stage we would still expect high dust emission in addition to an increased Hα emission if the dust is associated with GMC complexes that formed massive stars that in turn created HII regions. However, the presence of an HII region and higher Hα emission can also indicate cloud destruction and thus a decrease of FIR emission for regions at a later evolutionary star-forming stage. In any case, we would assume that the heating from the massive stars of the HII regions also leads to higher dust effective temperatures for the associated GDCs. As discussed in section 4.3 there are two dust temperature components and within the HII regions and in their photodissociation regions there is associated hotter dust. However, for the GDCs . The coloured symbols all indicate GDCs that are associated with D88 HII regions. The GDCs that also coincide with regions that were observed by APEX (see section 4.7) are indicated by the blue filled circles (CO detections), yellow unfilled squares (marginal CO detections), and red crosses (no CO detections). The horizontal error bar in the lower right indicates the uncertainty in temperature that we assume for all GDCs.
the column density and mass of this hot dust component is negligible compared to the cold dust component, which is why we only focus on the latter in this discussion. Since the effect of dust extinction on the Hα-emission is nonnegligible we corrected for it using the flux values determined at 24 µm, assuming that this wavelength is a good tracer for the absorbed Hα-emission that gets re-emitted by the dust at midinfrared wavelengths. We calculated the Hα-extinction according to Eq. (7a) in F14, which is based on the results from Calzetti et al. (2007) , and used it to correct the Hα-flux values that we report in table B.1. Figure 16 shows the total flux at 250 µm versus the associated extinction-corrected Hα emission for the GDCs for which we could determine the flux values. The GDCs associated with D88 HII regions show an increase in Hα emission with increasing flux at 250 µm, yielding a Pearson correlation coefficient of 0.75. A fit through the GDCs associated with D88 HII regions yields a slope of 2.4 ± 0.3. The majority of the 21 GDCs that coincide with regions observed in CO(2-1) by APEX have an Hα emission that is higher than the median Hα flux (6.1·10 −14 erg s −1 cm −2 ) of all GDCs plotted in Figure 16 . This is not that surprising, given that the APEX observations were targeting HII regions. Two of the GDCs coinciding with CO nondetections (#17 and #36) show some of the highest Hα flux values of the whole sample, which makes it possible that these are regions in which the associated GMCCs were already disrupted by the giant HII regions they formed. Figure 17 shows the cold dust effective temperature versus their associated extinction-corrected Hα emission for the GDCs for which we could determine temperature and Hα flux values. The overall shallow increasing trend of higher cold dust effective temperature values with brighter associated Hα emission (with a Pearson correlation coefficient of 0.56) likely reflects that the massive stars that created the HII regions are also heating the dust. Below a cold dust effective temperature value of 21 K both GDCs associated with HII regions and GDCs not associated with HII regions or associated only with very little or compact Hα emission cover about the same range in dust effective temperature values, whereas GDCs with dust effective temperatures above 21 K are all associated with HII regions. Figure 16 and Figure 17 also again show that by targeting HII regions the parameter range in flux and effective cold dust temperature of the associated GDC population can be sampled well.
Total dust mass of NGC 300
We used the aperture photometry method of the photutils package to derive total background subtracted fluxes of NGC 300 at 250 µm. We summed up the flux inside the region of interest that we also used for getsources, and estimated a median value for the subtracted background per pixel from an annulus around the region of interest (inner radius: 7.2 kpc; outer radius: 8.8 kpc). We get a total flux value of 97.46 Jy at 250 µm for NGC 300. We compared this to the sum of the total flux values of the GDCs from our catalogue (15.76 ± 1.91 Jy); we adopted the upper limit of three times the error as flux values for the GDCs where the uncertainty exceeded the flux estimate. We find that about 16% of the total flux of NGC 300 in SPIRE-250 belongs to the GDCs of our catalogue. Figure 18 shows the comparison between the total flux of the galaxy (blue filled circles and solid line) versus the flux that is in GDCs (red open circles and dashed line) for the SPIRE-250 band. For the total flux values, we performed aperture photometry for annuli at every 0.5 kpc and subtracted the background as detailed above. To get the fraction of the total flux that is in GDCs, we summed up the flux values at 250 µm of all GDCs whose central positions were located inside the annuli. For the GDCs with a S/N ratio below 3 we used the upper limits as given in Table B. 1. In Figure 18 we also indicate the 16% average of the total flux that is due to the GDCs (blue dotted line). In the inner part of the galaxy (< 2.75 kpc) the fraction of the total flux in GDCs is higher (with a maximum of 41% in the radial bin at 2.25 kpc) than in the outer part, where the fraction of total flux in GDCs drops to as low as 6% in the radial bin at 5.25 kpc.
Assuming the median cold dust effective temperature of 16.7 ± 1.5 K we derived for NGC 300, we find a total dust mass of 5.4·10 6 M (±1.8·10 6 M ). Given a total stellar mass of 2.1·10 9 M (see Table 1 ) this yields a dust-to-stellar mass ratio of about 0.25%.
Comparisons to other nearby galaxies
We compared our results for NGC 300 to other nearby galaxies that offer the advantage of higher spatial resolution, in particular the morphologically similar M33. Given an estimate of the stellar mass of M33 of about 3 − 6·10 9 M (Corbelli 2003) and total dust mass estimates for M33 of about 1·10 7 M ) to 1.67·10 7 M (Hermelo et al. 2016) , the ratio of the dust mass to the stellar mass is very similar in M33 and NGC 300. The global SFR of M33 is 0.45 ± 0.10 M yr −1 (Verley et al. 2009) , which is about 3-5 times higher than the SFR values estimated for NGC 300 (Helou et al. 2004 ). However, the total HI mass seems to be very similar in M33 and NGC 300 (Westmeier et al. 2011) , which makes predictions about the total molecular gas mass and the global dust-to-gas ratio in NGC 300 in relation to M33 difficult at this point. Reliable estimates of the total molecular gas mass in NGC 300 thus have to await further galaxy-wide molecular observations for this galaxy.
For M31, the ratio of the total dust mass (5.4·10 7 M , Draine et al. 2013 ) to the stellar mass (10 − 15·10 10 M , Tamm et al. 2012 ) is about 5-6 times lower than in NGC 300 and M33. If we neglect the contribution of the bulge to the total stellar mass (∼30%; Tamm et al. 2012 ) and the dust mass (0.5%; Groves et al. 2012) , the total dust mass to stellar mass ratio in M31 is still by a factor of about 3 lower than in NGC 300 and M33.
At the time of writing we are aware of two other studies that used getsources in an extragalactic context to derive FIR source catalogues based on Herschel observations. Foyle et al. (2013) used getsources to produce a list of compact dust sources for the Southern Pinwheel Galaxy (M83; distance of 4.5 Mpc). These authors found 90 sources with dust masses in the range of 10 4 to 10 6 M and they associate most of these sources with giant molecular associations (GMAs). In another study, Natale et al. (2014) analysed Herschel observations of M33 (distance of 0.859 Mpc) and created a catalogue of 183 clumpy FIR-bright sources with dust masses from ∼10 2 to 10 4 M that they associate with GMCs and GMAs. Since the spatial scales we probe in NGC 300 are intermediate to those of Foyle et al. (2013) and Natale et al. (2014) , it is more likely that our GDCs will trace complexes of GMCs rather than individual clouds.
In M33, the CO emission generally seems to follow the overall dust emission ) and dust sources detected in CO show higher dust luminosities (Natale et al. 2014) . In M31, the peaks of the dust continuum are also traced well by CO emission and the CO luminosity of GMCCs is correlated with the GMCC masses derived from Herschel data (Kirk et al. 2015) . A relationship between the amount of dust and CO intensity was likewise found for regions across a range of metallicity in the Milky Way and in the Magellanic Clouds (Lee et al. 2015) . These results are in agreement with the general trend of increasing CO emission with higher dust emission that we find for our comparison of GDCs with GMCCs from F14 (see section 4.7). However, we find that GDCs that have about the same dust mass are not equally well detected in CO emission; this is similar to the results of Natale et al. (2014) for M33, who attribute this difference in CO detection mostly to an evolutionary effect of advanced gas dissipation for more evolved clouds. Even though for NGC 300 our small sample size of GDCs that are directly comparable with CO observations does not allow us to address this result more conclusively, we note that in NGC 300 the metallicity gradient and the corresponding radial increase of the CO-to-H 2 conversion factor (F14) is likely the most important reason for the difference in CO detections for similar GDCs.
In M33, Verley et al. (2010) found a good correlation between the 250 µm emission and associated Hα emission of compact dust sources; these authors found that the FIR emission delineates shell structures around HII regions. Anderson et al. (2012) also found that the associated FIR emission of Galactic HII regions is dominated by the cold dust in their photodissociation regions. These results are in agreement with our findings in section 4.6 that the majority of our GDCs in NGC 300 are associated with HII regions, which in turn implies that those GDCs are also associated with complexes of molecular clouds. Gratier et al. (2012) found that clouds in M33 that are associated with massive star formation have higher CO luminosities, which is in agreement with the results of Natale et al. (2014) , who found that FIR sources in M33 that were detected in CO have on average higher dust temperatures and higher Hα luminosities. However, Lee et al. (2015) found that for regions in the LMC with higher dust temperatures the CO emission for a given amount of dust is smaller, which they attribute to environmental effects such as increased photodissociating radiation fields. Even though GDCs that are associated with HII regions in NGC 300 generally also have higher dust temperatures (see Figure 11 and Figure 17 ), we do not find any significant trend of dust temperature or Hα luminosity with CO intensity for the 21 GDCs that we could directly compare with GMCCs from F14. However, all the F14 GMCCs are linked to high-mass star formation and follow-up molecular gas observations of GDCs without associated HII regions are necessary for a more conclusive comparison.
5.7. Implications for the formation of molecular gas in NGC 300 Krumholz et al. (2009) found that dust shielding and H 2 selfshielding are both nearly equally important for the formation of molecular clouds in essentially all galactic environments. Krumholz et al. (2009) also found that the molecular fraction in a galaxy is nearly independent of the strength of the interstellar radiation field and mainly determined by its column density and to a lesser degree by its metallicity. In their study of the relationship between dust and CO intensity in the Milky Way and the Magellanic Clouds, Lee et al. (2015) suggest that dust shielding is the dominant factor determining the distribution of bright CO emission.
To assess the impact of dust shielding on the formation of molecular gas in NGC 300, we calculated the dust surface density of our GDCs by simply dividing their dust masses through their elliptical footprint defined at the SPIRE-250 image. Figure 19 shows these average dust surface density values of the 134 GDCs for which we have mass estimates plotted against their galactocentric distance. For 97% of these GDCs the average dust surface density exceeds 0.05 M pc −2 and for about 87% it exceeds a value of 0.1 M pc −2 . Roman-Duval et al. (2014) found that the atomic-to-molecular transition in the Magellanic Clouds is located at dust surface densities of about 0.03 to 0.05 M pc −2 . Given that the metallicity in the outskirts of NGC 300 is comparable to the metallicity values of the Magellanic Clouds (Bresolin et al. 2009 ), we would expect that the transition from the atomic to molecular phase also occurs at similar values of the dust surface density, suggesting, in turn, that the vast majority of GDCs in the outer regions of NGC 300 harbour the potential to form molecular clouds. Towards the centre of NGC 300, the metallicity reaches values intermediate to the LMC and the Sun (Bresolin et al. 2009 ). For solar metallicity the transition from atomic to molecular gas occurs at a characteristic shielding column of Σ HI ∼ 10 M pc −2 (Krumholz et al. 2009 ), which compares favourably with the average HI surface density in NGC 300 found by Westmeier et al. (2011) and suggests that most of the GDCs in the central part of NGC 300 are also harbouring molecular gas.
The points discussed in this and the previous section together with the comparison in section 4.7 gives us confidence that most of the GDCs of our catalogue will indeed be associated with GMCCs. However, new galaxy-wide CO observations centred on the peaks of the FIR dust emission are required for a more detailed and conclusive comparison between the dust and molecular gas in NGC 300.
Summary
We present the first comprehensive study of the giant dust cloud (GDC) population throughout the spiral galaxy NGC 300 based on images obtained by the Herschel Space Observatory covering a wavelength range from 100-500 µm. For the source detection we used getsources, a multiwavelength source extraction algorithm developed for Herschel observations. We based the final selection of GDCs for our catalogue on a visual comparison of the getsources source candidates with additional archival observations in the optical (by the MPG/ESO 2.2 m telescope and the Hubble Space Telescope) and the FUV (by GALEX). Using the Hα observations by the MPG/ESO-2.2 m telescope, we slightly improved the currently most complete catalogue of HII regions in NGC 300 by Deharveng et al. (1988) and spatially correlated its HII regions with GDCs from our catalogue. We derived cold dust effective temperatures for the GDCs from a two-component SED-fitting from 24 to 500 µm wavelength range, assuming a value of 1.7 for the power law exponent β of the dust emissivity. We used the cold dust effective temperature to derive dust mass estimates based on the SPIRE-250 total fluxes.
We used aperture photometry measurements and the median dust effective temperature throughout NGC 300 (16.7 K) to derive an estimate of its total dust mass.
In the following, we summarize our main results and conclusions.
1. We compiled a catalogue of 146 GDCs, for which we give the positions, total flux estimates in all five Herschel bands, size estimates, cold dust effective temperatures, dust mass estimates, flux values at 24 µm, Hα emission, and correlation with HII regions from the catalogue of Deharveng et al. (1988) in Table B .1. 2. The GDCs in our catalogue cover a cold dust effective temperature range of ∼ 13-23 K, showing a distinct temperature gradient from the centre to the outer parts of the stellar disk. 3. We found the total dust mass of the galaxy to be 5.4·10 6 M (±1.8·10 6 M ), of which about 16% of this mass is attributable to GDCs of our catalogue. We determined individual dust masses for 134 of the GDCs. These masses range from ∼ 1.2·10 3 to 1.4·10 4 M , and the median mass is 4.6·10 3 M . The GDC masses are not significantly increasing with galactocentric radius. 4. The power law index of the truncated power law fit to the cumulative dust mass distribution of our GDCs (γ = 3.2 ± 0.4) is statistically indistinguishable from the power law index of the mass spectrum obtained by Faesi et al. (2014) for giant molecular cloud complexes (GMCCs) in NGC 300 (γ = 2.7 ± 0.5). 5. We found that about 62% of our GDCs are associated with HII regions from Deharveng et al. (1988) . The GDCs with associated HII regions are found in the entire stellar disk of NGC 300 and across the full range of dust masses that we probe. Our results thus suggest that targeting HII regions in nearby galaxies for associated GDC structures is a good way to sample the total GDC population of the galaxy. 6. For GDCs associated with HII regions, the 250 µm and extinction-corrected Hα fluxes are reasonably well correlated. We also found a shallow trend of higher cold dust effective temperature values with brighter associated Hα emission that is likely due to the heating of the dust by the massive stars of the HII regions. 7. We compared a subsample of our GDCs to previous pointed APEX CO (2-1) observations from Faesi et al. (2014) and found that GDCs with brighter dust emission are in general also associated with brighter CO emission. Based on the average dust mass surface densities of the GDCs, we argue that at least 87% of these GDCs provide enough shielding to harbour GMCs. Additional comparisons with the results from other nearby galaxies also suggests that most of our GDCs are associated with GMC complexes. New galaxywide molecular gas observations will help to further elucidate the important relationship between dust structures and molecular clouds in NGC 300. 
